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Objective: The purpose of this study was to investigate the importance of cognitive performance in
determining functional gain in geriatric patients with hip fractures following rehabilitation.
Methods: From April 2002 to March 2003, we retrospectively studied 218 geriatric patients (age >
65 years) with hip fractures. Cognitive performance was assessed using the Mini-Mental State
Examination (MMSE). All admitted patients were given training in activities of daily living (ADL),
which was the core component during rehabilitation. The Functional Independence Measure (FIM)
was used to assess patients’ functional performance both on admission and discharge, and functional
gain was determined by the change in FIM score between admission and discharge.
Results: Functional gain after rehabilitation differed significantly from the baseline (p < 0.01).
Significant correlation was noted between patients’ cognitive performance as measured by the MMSE
and discharge functional performance as measured by the FIM (r = 0.85, p < 0.01).
Conclusion: This study showed positive association between cognitive status at admission and functional
gain after rehabilitation. While all patients had functional improvement during rehabilitation, impaired
mental function at admission inevitably affected patients’ potential to learn, making functional training
more difficult. Cognitively intact patients had better functional outcomes than cognitively impaired
patients. Patients with intact mental function benefit most from intensive rehabilitation training.
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Introduction
Hip fracture is a leading cause of disability and mortality in the
elderly and often results in significant functional impairment
and excessive institutionalization (Jones, Miller & Petrella,
2002). Inpatient hospital rehabilitation is effective in improving
physical function after hip fractures (Cameron, Lyle & Quine,
1993; Phillips, Landis-Abrandt & Cesta, 1999; Zuckerman,
Sakales, Fabian et al., 1992). However, some other studies re-
port that most patients with hip fractures will not regain their
premorbid functional levels of activities of daily living (Jette,
Harris, Cleary et al., 1987; Zuckerman, Sakales, Fabian et al.,
1992). With such contradictory findings, it appears that some
patients require more intensive rehabilitation training and care
to restore them to their previous functional level, while others
may not benefit much from intensive rehabilitation training.
Many authors have concluded that cognitive screening
should be used to help select appropriate candidates for reha-
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bilitation and to offer the appropriate level of care (Camer-
on, Lyle & Quine, 1993; Cree, Soskolne, Belseck et al., 2000;
Cree, Carriere, Soskolne et al., 2001; Cree & Nade, 1999;
Crum, Anthony, Bassett et al., 1993; Di Monaco, Di Monaco,
Manca et al., 2002; Diamond, Felsenthal, Macciocchi et al.,
1996; Fricke & Unsworth, 1996; Goldstein, Strasser, Woodard
et al., 1997; Heruti, Lusky, Barell et al., 1999; Huusko, Karppi,
Avikainen et al., 2000; Jette, Harris, Cleary et al., 1987; Jones,
Miller & Petrella, 2002; Lai, Soo & Wong, 2002; McColl &
Pranger, 1994; Mossey, Mutran, Knott et al., 1989; Phillips,
Landis-Abrandt & Cesta, 1999; Zuckerman, Sakales, Fabian
et al., 1992). Cognitive impairment in the elderly limits func-
tional gain during inpatient rehabilitation (Caradoc-Davies,
1987; Lehman, de Lateur & Fowler, 1975; Rubenstein, Wieland,
English et al., 1984; Schuman, Beattie, Steed et al., 1981).
These studies also documented how low scores on mental
status questionnaires correlated with poor rehabilitation
outcomes (Caradoc-Davies, 1987; Likourezos, Si, Kim et al.,
2002; Rubenstein, Wieland, English et al., 1984; Schuman,
Beattie, Steed et al., 1981). As the geriatric population continues
to grow, it becomes increasingly important to re-examine the
question of whether elderly with cognitive impairment may
benefit from rehabilitative interventions (Brayne, 1998). While
there are many overseas studies, locally, there are no published
reports examining the relationship between admission cognitive
performance and functional gain after rehabilitation in elderly
patients with hip fractures.
The objective of this study was to determine the significance
of admission cognitive performance in relation to functional
gain after rehabilitation. We compared functional gain outcomes
and discharge living arrangements of cognitively impaired and
intact geriatric patients with hip fractures.
Literature Review
Under the theoretical framework of occupational therapy,
physical performance and cognitive performance are the major
factors determining occupational performance. Occupational
performance encompasses human functioning in the areas
of self-care, productivity and leisure (Lehman, de Lateur
& Fowler et al., 1975; McColl & Pranger, 1994). Cognitive
function is often an indicator of the ability to lead an indepen-
dent life (Mulkerrin, Nicklason, Sykes et al., 1992; Reed, Jag-
ust & Seab, 1989). In the rehabilitation of geriatric hip fracture
patients, there is a remarkably significant correlation between
cognitive and functional abilities (Cree, Soskolne, Belseck et
al., 2000; Heruti, Lusky, Barell et al., 1999; McColl & Pranger,
1994). Impaired cognitive function seriously impedes per-
formance in daily functions. Therefore, early identification of
cognitive deficits can facilitate better screening and treatment
planning (Goldstein, Strasser, Woodard et al., 1997; Huusko,
Karppi, Avikainen et al., 2000; Koval, Skovron, Polatsch et al.,
1996; Ward, Rennie & Harper, 1998).
The Mini-Mental State Examination (MMSE) is commonly
used by occupational therapists to assess cognitive function
(Hip Fracture Guideline Working Group, 2002; Lai, Soo &
Wong, 2002). The MMSE is a sensitive, reliable, and validated
instrument for cognitive impairment screening (Caradoc-
Davies, 1987; Crum, Anthony, Bassett et al., 1993; Goldstein,
Strasser, Woodard et al., 1997; Lai, Soo & Wong, 2002; Lesher
& Whelihan, 1986; Likourezos, Si, Kim et al., 2002; Mulkerrin,
Nicklason, Sykes et al., 1992; Pangman, Sloan & Guse, 2000;
Ward, Rennie & Harper, 1998). It is a short screening test and
takes about 15 minutes to administer. It covers items of
orientation, memory, recall, motor planning and execution,
language, and ability to follow instructions (Likourezos, Si,
Kim et al., 2002; Pangman, Sloan & Guse, 2000). Its scores
correlate very highly with other popular brief mental status
tests (Heruti, Lusky, Barell et al., 1999; Lesher & Whelihan,
1986; Pangman, Sloan & Guse, 2000). The MMSE consists of
two sections, and together, it contains 11 tasks of cognition
(Figure 1). The first section requires oral responses only and
covers orientation, memory and attention. The second sec-
tion tests subjects’ ability to name objects, follow verbal and
written commands, write a sentence, and copy a complex
polygon. The maximum total score is 30. The MMSE used in
this study was the Chinese version of the MMSE, in which the
cut-off score of 19 reportedly discriminates between normal
subjects and cognitively impaired subjects (Chiu, Lee, Chung
et al., 1994).
The Functional Independence Measure (FIM) is widely
used by occupational therapists as an assessment tool for
clinical decision-making and outcome measurement (Fricke &
Unsworth, 1996; Granger, Hamilton, Linacre et al., 1993). The
FIM has been well studied and validated (Fricke & Unsworth,
1996; Goldstein, Strasser, Woodard et al., 1997; Granger,
Hamilton, Linacre et al., 1993; Hamilton, Laughlin, Fiedler et
al., 1994). The scale reflects the degree of functional disability
after hip fractures and predicts the functional outcome from the
admission score (Cree & Nade, 1999; Cree, Soskolne, Belseck
et al., 2000; Di Monaco, Di Monaco, Manca et al., 2002; Lai,
Soo & Wong, 2002; Likourezos, Si, Kim et al., 2002). It has
been used extensively for assessing patients with hip fractures
and has been verified to be an important clinical tool (Cree &
Nade, 1999; Cree, Soskolne, Belseck et al., 2000; Di Monaco,
Di Monaco, Manca et al., 2002; Diamond, Felsenthal, Mac-
ciocchi et al., 1996; Goldstein, Strasser, Woodard et al., 1997;
Heruti, Lusky, Barell et al., 1999).
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Figure 1. Mini-Mental State Examination.
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The FIM (Figure 2) uses a seven-point scale with 18 items.
Scores range from one (total dependence) to seven (complete
independence). The FIM is divided into two unidimensional
scales: the 13-item motor-FIM and the five-item cognitive-
FIM. These subscales measure physical and cognitive dis-
abilities. The motor-FIM consists of four motor function do-
mains: self-care (eating, grooming, bathing, dressing upper
and lower body, and toileting), sphincter control (bladder and
Figure 2. Functional Independence Measure.
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bowel), transfers (bed/chair/wheelchair transfer, toilet transfer,
and tub/shower transfer), and locomotion (walking/wheelchair
and climbing stairs). The cognitive-FIM consists of two
cognitive function domains: communication (compre-
hension and expression) and social cognition (social inter-
action, problem solving, and memory). The FIM is typically
scored by the occupational therapist, and the data are used to
determine the potential benefit of treatment in the patient.
Methods
This was a retrospective study in which convenience sampling
was used to collect data on patients with hip fractures. These
were patients who were referred to a rehabilitation hospital
after surgery in an acute care hospital. Recruited patients were
65 years of age or older, and had no history of previous hip
fracture or major trauma.
Patients were assessed by an occupational therapist using
the MMSE and FIM within 48 hours of admission (i.e. admis-
sion data), and assessed using only the FIM the day before dis-
charge from the rehabilitation unit (i.e. discharge data). All pa-
tients received daily rehabilitation training, which included
reconditioning training and training in activities of daily living
(ADL). Functional changes were determined by comparing
the admission and discharge FIM scores.
To evaluate whether cognitive status on admission is
associated with admission function and functional change
after rehabilitation, the Pearson product moment correlation
coefficient (r) was used. Paired t tests were used to assess the
differences between functional status on admission and
discharge. Chi-squared analyses were utilized to examine the
association between cognitive functioning and change in living
arrangement. Correlation analysis was used to evaluate the
relationships between the MMSE and admission and discharge
FIM scores. Standard regression analysis was used to assess
the relationship between admission data and total discharge
FIM scores. Discriminant analysis was used to select variables
to classify discharge living arrangement. All tests were
performed using the Statistical Package for the Social Sciences
version 10.0 (SPSS Inc, Chicago, IL, USA).
Results
We studied 218 patients with hip fractures, with a mean age of
80.13 years (range, 65–89 years) (Table 1). Of these 218, 184
were functionally independent and 32 were functionally
dependent prior to hip fracture (Table 2). All patients were
admitted to a rehabilitation hospital after surgery for hip
fracture between April 2002 and March 2003. The majority of
patients were women (72%) (Table 1). The mean (± standard
deviation) length of rehabilitation stay was 23.99 ± 10.72 days
(Table 3).
In this study, functional gains were determined by
comparing the admission and discharge FIM scores. A
statistically significant functional change was denoted by p <
0.05. The total FIM change for this study was 11.79, the motor
FIM change was 11.4, and the cognitive FIM change was 0.39
(Table 4). The mean total FIM score for the higher cognitive
function group was 106.33, while the mean for the lower
cognitive function group was 77.09. The change in total FIM
score for the higher cognitive function group was 15.33, while
that for the lower cognitive function group was 8.18.
Age and mental function showed no significant correlation
(p > 0.05). Before ADL training, admission mental function
showed significant correlation with admission FIM score (r =
0.56, p < 0.01). The total admission FIM score for the higher
cognitive function group (MMSE ≥ 19) was 91.00 ± 13.6, and
that for the lower cognitive function group (MMSE ≤ 18) was







Premorbid living, n (%)
Home 166 (76)
Old age home 52 (24)
Table 2. Premorbid function (N = 218)




Table 3. Length of rehabilitation stay
Length of stay
(mean ± SD)
Total study group 23.99 ± 10.72
MMSE ≤ 18 22.80 ± 10.53
MMSE ≥ 19 26.33 ± 11.08
For the group discharged home 25.56 ± 10.76
For the group discharged to
   an old age home 21.54 ± 10.25
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68.91 ± 23.06. According to the MMSE score, 128 of 218
patients exhibited cognitive deficits, with MMSE scores ≤ 18
(Table 5). Admission cognitive FIM and MMSE scores were
highly correlated (r = 0.88, p < 0.01).
Significant positive associations were noted between
cognitive status at admission and various functional gain
measures on the total and motor FIM measures (r = 0.68, p <
0.05). As shown in Tables 6 and 7, statistically significant
differences were noted in motor FIM, cognitive FIM, and total
FIM scores between the groups with different mental functions
(p < 0.01).
To identify variables associated with functional gains
(which were determined by comparing the admission and
discharge FIM scores), regression analysis was used. Results
showed that admission MMSE score and admission motor
Table 4. FIM scores (N = 218)
Admission Discharge t Correlation
Motor FIM items
  Eating 6.59 6.64 2.94* 0.98*
  Grooming 5.90 6.12 4.54* 0.88*
  Bathing 2.82 3.97 15.26* 0.75*
  Dressing, upper body 5.81 6.10 5.26* 0.89*
  Dressing, lower body 3.37 4.60 16.20* 0.76*
  Toileting 3.17 4.60 15.19* 0.71*
  Bladder control 5.22 5.89 5.97* 0.74*
  Bowel control 5.77 6.30 2.25* 0.35*
  Bed/chair/toilet transfer 3.29 4.56 15.98* 0.72*
  Toilet transfer 3.15 4.39 15.98* 0.72*
  Tub transfer 2.77 4.05 16.40* 0.71*
  Walking 2.86 4.23 16.40* 0.70*
  Stairs 1.06 1.92 8.69* 0.24*
  Motor FIM score 51.78 63.18 16.61* 0.82*
Cognitive FIM items
  Comprehension 5.56 5.85 1.02 0.38*
  Expression 5.59 5.61 2.01† 0.99*
  Social interaction 5.11 5.19 3.79* 0.99*
  Problem solving 4.89 5.00 4.03* 0.98*
  Memory 5.10 5.11 0.55 0.52*
  Cognitive FIM score 26.24 26.63 1.02 0.85*
Total FIM score 78.02 89.81 14.65* 0.89*
Total FIM change = discharge total FIM – admission total FIM = 11.79
Motor FIM change = discharge motor FIM – admission motor FIM = 11.4
Cognitive FIM change = discharge cognitive FIM – admission cognitive FIM = 0.39
*p < 0.01; †p < 0.05.
Table 6. Mini-Mental State Examination (MMSE) score group with mean (± standard deviation) admission FIM scores
Admission motor FIM Admission cognitive FIM Admission total FIM
MMSE score
  ≤ 18 (n = 128) 47.54 ± 15.17 21.37 ± 10.31 68.91 ± 23.06
  ≥ 19 (n = 90) 57.82 ± 11.72 33.18 ± 3.09 91.00 ± 13.60
p < 0.01 p < 0.01 p < 0.01
Table 5. Mini-Mental State Examination (MMSE) score
(N = 218)
MMSE score n (%)
  ≤ 18 128 (59)
  ≥ 19 90 (41)
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FIM score were strongly associated with success of
rehabilitation (p < 0.05). The coefficient of determination was
0.71, and the estimated model was: total discharge FIM score
= 16.81 + 1.16 × admission motor FIM score + 0.838 ×
admission MMSE score.
Discriminant analyses used admission MMSE scores to
classify discharge living setting (Table 8). When the admission
MMSE score was used, 69.7% of the originally grouped
patients were correctly classified with regard to their discharge
living arrangements. Moreover, Chi-squared analyses showed
the association between cognitive function and change in pre-
and post-living arrangements (Table 9). For discharge living
arrangements, 80% of patients discharged to home had
admission MMSE scores ≥ 19, while among those with MMSE
scores ≤ 18, 52% were discharged to elder care institutions
(χ2 = 23.24, degrees of freedom = 1, n = 218, p < 0.01). Mental
function played an important role in classifying discharge
living arrangements for geriatric patients with hip fractures.
Table 10 shows that 133 patients were discharged home and 85
patients were discharged to an old age home. Therefore, 33 of
166 (20%) patients who lived at home prior to hip fracture were
required to change their living arrangements to an old age
home.
Discussion
This study assessed 218 geriatric patients with hip fractures
before and after their inpatient rehabilitation. The MMSE was
Table 9. Chi-squared (cognitive function and living arrangement)
Discharge living arrangement
n
Home Old age home
MMSE ≤ 18 61 67 128
MMSE ≥ 19 72 18 90
Total 133 85 218
χ2 = 23.24, degrees of freedom = 1, p < 0.01. MMSE = Mini-Mental State Examination.




Home Old age home
Admission – home 118 48 166
Admission – old age home 20 32 52




Home Old age home
Discharge – home 100 33 133
Discharge – old age home 33 52 85
69.7% of originally grouped patients are correctly classified to discharge living arrangement.
Table 7. Mini-Mental State Examination (MMSE) score group with mean (± standard deviation) discharge FIM scores
Discharge motor FIM Discharge cognitive FIM Discharge total FIM
MMSE score
  ≤ 18 (n = 128) 56.23 ± 17.65 21.82 ± 11.12 77.09 ± 24.36
  ≥ 19 (n = 90) 72.87 ± 12.30 33.47 ± 2.86 106.33 ± 13.63
p < 0.01 p < 0.01 p < 0.01
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used for mental function screening and the FIM was used to
evaluate the change in functional independence. Their average
length of stay was 23.99 ± 10.72 days, which is comparable to
the practice overseas (Cameron, Lyle & Quine, 1993).
Significant association was noted between admission
cognitive function and overall functional gain after reha-
bilitation (r = 0.68, p < 0.01). After rehabilitation, the total
FIM scores improved when compared with admission data
(p < 0.01) (Table 4). The improvement mainly comprised gains
in the motor FIM score; there was no significant difference
between cognitive FIM scores before and after rehabilitation
(p > 0.05) (Table 4). Items such as comprehension, memory,
and overall cognitive FIM scores showed no significant dif-
ference. Thus, hip fracture patients have room for improve-
ment in motor function, though their cognitive function is
stable. Our data support the conclusions in other studies that
the change in total FIM score for patients with hip fractures is
largely caused by the change in motor FIM (Heruti, Lusky,
Barell et al., 1999; Lai, Soo & Wong, 2002; McColl & Pranger,
1994). Improvement in motor function is the main contributor
to functional change.
Functional change distribution was further analysed by
studying the difference between discharge total FIM score and
admission total FIM score of the cognitively intact (MMSE ≥
19) and the cognitively impaired groups (MMSE ≤ 18). The
total changes in FIM scores for the cognitively intact and
impaired groups were 15.33 and 8.18, respectively (p < 0.05).
The total FIM change efficiencies (total FIM change divided
by length of hospital stay) were 0.58 and 0.35, respectively
(p < 0.05). Therefore, in line with the literature, cognitively
intact patients in this study showed more remarkable improve-
ment in functional change than the cognitively impaired patients.
Correlation analysis indicated that admission MMSE score
significantly correlated with admission motor FIM score (r =
0.56, p < 0.01). Admission MMSE score was also significantly
correlated with admission FIM score (r = 0.67, p < 0.05) and
discharge total FIM score (r = 0.739, p < 0.01). Therefore, the
cognitive status of patients on admission is a useful indicator
for predicting functional outcome at discharge.
Of the 218 patients, 133 were discharged home and 85 were
discharged to old age homes; 33 of 166 (20%) patients who
lived at home before hip fracture required changes to their
former living arrangement to institutionalized elder care. This
type of change is partly suggested by the MMSE scores;
patients with poor mental function (MMSE ≤ 18) might require
a greater level of care. The need to change living arrangements
after discharge might be due to patients not achieving inde-
pendence in daily activities, unavailability of care givers, and
poor attitudes of relatives and care givers. Placement heavily
depends on the limited caring time and ability of care givers to
handle the demands of the hip-fractured elderly.
Mental function is a significant factor in predicting re-
habilitation outcome in geriatric patients with hip fractures.
Admission cognitive function is directly related to functional
change. MMSE and cognitive FIM scores can be used for
triage of elderly patients with hip fractures and to facilitate
rehabilitation resource allocation and service planning. Our
findings were similar to those of overseas’ studies. Further
research is indicated to refine the use of MMSE scores for
outcome placement evaluation, and to use the MMSE score
and admission motor function for estimation of discharge
placement.
Conclusion
This study showed a positive association between cognitive
status at admission and functional gain after rehabilitation. All
patients had functional improvement during rehabilitation.
Impaired mental function at admission inevitably affected
patients’ potential to learn, which made functional training
difficult. Cognitively intact patients showed better functional
outcomes than cognitively impaired patients. As a result,
patients with intact mental function benefit more from inten-
sive rehabilitation.
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